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@ Torque sensing drive. 

© A torque sensing variable diameter belt type power 
transfer assembly {70) Is disclosed wherein the cam mem- 
bers (72 # 74) are provided with an asymmetrical cam surface 
pattern having first and second cam surfaces (77,78) meeting 
the base (79) of the cam (72,74) at different angles (A,B). The 
opposing first cam surfaces (77) meet the corresponding 
base members (79) at approximately 45° and interengage to 
effectively transmit torque between the opposing cam 
members (72/74) during normal operating conditions. The 
opposing second cam surfaces (78) meet the corresponding 
base member (79) at approximately 30" and interengage to 
effectively transmit torque between the respective cam 
members (72,74) during reverse power conditions, wherein 
the normally driven sheave (66) temporarily becomes the 
drive sheave. 

The asymmetrical cam surfaces (77,78) generally elimin- 
ate belt slippage during reverse power conditions and permit 
the engine (1 8) to brake the power delivered by the normally 
driven sheave (66). 
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The present invention relates generally to a 
belt type variable speed drive and, more particularly, to 
an improved cam member for a torque sensing variable 
diameter power transfer assembly. These drive mechanisms 
5 may be used on crop harvesting machines such as combine 
harvesters . ; 

Torque sensing variable diameter drive mechanisms 
can be found, for example, in U.S. Patent No» 3.842.637. 

1 

Typically, one of the sheave sections is fixed to a power 

10 transmitting shaft to be rotatable therewith, while the 

other sheave section is movably mounted on the shaft to be 
rot at ably and axially movable relative to the fixed sheave 
section. A first cam member is attached to the fixed 
sheave section and a second cam member is attached to the 

15 movable sheave section, each cam member being rotatable 
with the respective sheave section. The cam members are 
mounted so as to be in axially shfftable torque trans- 
mitting engagement with each other, while a spring biases 
them apart. Any rotational movement of the movable sheave 

20 section relative to the fixed sheave section due to a 

requirement of more power results in an axial movement of 
the movable sheave section to increase torque transmitted 
through the cams. 

To prolong the operating life of the belt, it is 

25 desirable to place this torque sensing mechanism on the 

driven shaft of a power transfer mechanism. However, when 
a combine is travelling downhill, the power induced by 
gravity may cause the combine to drive the engine. Under 
these reverse power conditions, the normally driven sheave 

30 becomes the drive sheave and the torque sensing mechanism 
is then effectively located on the drive shaft of the 
power transfer mechanism. 

The use of a symmetrical cam having first and 
second cam surfaces at the same angle relative to the base 

35 of the cam does not provide for a proper torque trans- 
mitting property when the combine drive mechanism is 
operating under the aforementioned reverse power conditions, 
thereby allowing the belt to slip over one or both of the 
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sheave .sections and preventing the engine from acting as 
a brake. 

It is the object of the present invention to 
overcome the aforementioned disadvantages of the prior art 
and to provide a torque sensing belt type variable dia- 
meter power transfer assembly that is effective in use 
under both normal operating conditions and reverse power 
conditions - 

More particularly, it is the object of the 
instant invention, to provide a torque sensing belt type 
variable diameter power transfer assembly having first 
and second cam members disposed in axially shiftable 
torque transmitting engagement with one another and which 
are operable to optimally transmit torque between opposing 
cam members as well during normal operating conditions as 
during reverse power conditions, whereby more specifically 
under these reverse power conditions, the normally driving 
member can effectively brake the normally driven member, 
which under said reverse power conditions temporarily has 
become effectively the driving member. 

According to the present invention, a torque 
sensing variable diameter belt type power transfer assembly 
is provided having a fixed sheave half, a movable sheave 
half co-axially with, and rotatably and axially movable 
relative to the fixed sheave half, a first cam member co- 
axially and rotatable with the fixed sheave half, a second 
cam member co-axially and rotatable with the movable sheave 
half; said first and second cam members being in axially 
shiftable torque transmitting engagement and each having a 
cam surface engageable with the cam surface on the other 
cam member to transmit torque therebetween; and spring 
means mounted between the first and second cam members to 
axially urge the cam members away from one another and the 
movable sheave half towards the fixed sheave half; the 
fixed and movable sheave halves being disposed for power 
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transmitting engagement by drive belt, which while trans- 
mitting power opposes the spring force in urging the 
movable sheave half axially away from the fixed sheave 
half and the second cam member axially towards the first 
cam member; the cam members comprising an asymmetrical cam 
surface pattern and each cam member having a first cam 
surface and an opposing second cam surface; the 
corresponding first cam surfaces engaging under conditions 
where the second cam member is transmitting torque to the 
first cam member and the corresponding second cam surfaces 
engaging under conditions where the first cam member is 
transmitting torque to the second cam member; the first 
and second cam surfaces providing different amounts of 
axial movement per given amount of relative rotational 
15 movement therebetween. 

The first and second cam surfaces meet the base 
of the cam at different angles. The opposing first cam 
surfaces meet the corresponding base members at 
approximately 45" and interengage to effectively transmit 
torque between the opposing cam members during normal 
operating conditions. 

The opposing second cam members meet the corresponding 
base member at approximately 30- and interengage to 
effectively transmit torque between the respective cam 
members during reverse power conditions, wherein the 
normally dxiven sheave temporarily becomes the drive sheave 
The asymmetrical cam surfaces generally eliminate belt 
slippage during reverse power conditions and in case 
applied in .. harvesting machine drive mechanism, permit 
the engine -co brake the power delivered by the normally 
driven shea- under these reverse power conditions as may 
be present vhen the harvesting machine is moving downhill. 
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The advantages of this invention will 
become apparent upon consideration of the following 
detailed disclosure of the invention, especially 
when taken in conjunction with the accompanying 
drawings wherein : 

Fig. 1 is a side elevational view of a 
mobile crop harvesting machine, commonly referred 
to as a combine, incorporating the principles of 
the instant invention; 

Fig. 2 is an enlarged cross -sectional 
view taken along lines 2-2 of Fig . 1 to show both 
the fixed and variable diameter drives, portions of 
each drive belt being broken away; 

Fig- 3 is a diagrammatical view of the 
fixed diameter belt drive showing the operation of 
the tensioning apparatus under normal operating 
conditions; 

Fig. 4 is a diagrammatical view of the 
fixed diameter belt drive showing the operation of 
the tensioning apparatus under reverse power 
conditions ; 

Fig. 5 is a diagrammatical view of the 
fixed diameter belt drive showing the relative 
positions of the tensioning members under no load 
conditions ; 

Fig. 6 is an enlarged partial cross - 
sectional view taken along lines 6-6 of Fig. 1 to 
show the variable diameter torque sensing power 
transfer assembly incorporating the principles of 
the instant invention, the relative position of the 
drive belt being shown under high speed operation 
while the relative position of the drive belt under 
low speed operation is shown in phantom; 

Fig . 7 is a side view of a cam member 
used in the driven sheave assembly of the variable 
diameter belt drive; 



0097986 



Fig. 8 is a top plan view of the cam 
member seen in Fig; 7; and 

Fig- 9 is a schematic drawing showhg the 
relative positions of the cam surfaces on the cam 
5 members seen in Fig. 7. 

Referring now to the drawings and, 
particularly, to Fig .1, a side elevational view 
of a crop harvesting machine, commonly referred to 
as a combine, can be seen. The combine base unit 10 

lO includes a wheeled frame 12 onto which is supported 

a forwardly mounted crop harvester header 14 operable 
to sever standing crop material and initiate the 
crop harvesting process- A feeder house 15 inter- 
connects the header 14 and the base unit lO and 

15 houses a conveyor 16 for transferring severed crop 
material rearwardly from the header 14. 

Threshing and cleaning apparatus 17 is 
suitably housed within the base unit 10 rearwardly 
of the feeder house 15 to receive the severed crop 

20 material therefrom and subsequently separate the 
edible grain crop from the trash material, as is 
well known in the art. An engine 18 is supported by 
the frame 12 and is the source of driving power for 
operating the various components of the combine, 

25 including serving as the prime mover. A power : 
transfer mechanism 19 transfers rotational power 
from the engine 18 to these driven components. 

Referring now to Figs. 1 and 2, it can be 
seen that the power transfer mechanism 19 can 

30 include both a fixed diameter belt drive 20 and a 
variable diameter belt drive 60. In the 
arrangement depicted in Figs. 1 and 2, a fixed 
diameter drive 20 transfers rotational power from 
the power output shaft 21 of the engine 18 to a 

35 pulley 28 on an intermediate stub shaft 2 3, which 
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with respect to the fixed drive 20 is a driven 
pulley, but which together with the variable diameter 
pulley 62 becomes a driver for the variable drive 60, 
The rotational power is then transferred from the 
intermediate pulleys 28, 62 on the stub shaft 23 
to the power input shaft 24 of the combine propulsion 
unit 25. 

The fixed diameter drive 20 is best seen 
in Figs. 2-5. A first fixed diameter pulley 26 is 
affixed to the power output shaft 21 and rotatable 
therewith. A second fixed diameter pulley 28 is 
rotatably mounted on the intermediate stub shaft 23 
for rotation thereon. An endless flexible belt 30 
is entrained around both the first and second pulleys 
26,28 to transfer rotational power therebetween. 
Ois skilled in the art will readily realize that 
the driven pulley 28 will transfer power to the 
intermediate shaft 2 3 if the pulley 28 is fixedly 
raounted for rotation with the shaft 23, such as by 
keys or sjSines. However, power could also be 
transferred to a remote location if the shaft 23 
were a stub shaft with the pulley 28 mounted for 
rotation relative thereto as shown in Fig. 6. 

Under normal operating conditions/ as 
seen in Fig. 3, the first pulley 26 drives the 
second pulley 28 with rotation being in the direction 
being indicated by the arrows 32. As a result, one 
side or run 34 of the belt 30 will normally be taut, 
while the other run 36 will normally be slack. 
As is well known in the art, the amount of tension 
in the normally taut run 34 is directly related to 
the amount of power being transferred between the 
first and second pulleys 26,28. 

To take up the slack in the run 36 of the 
belt 30, thereby keeping the belt 30 in proper 
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engagement with the pulleys 26,28, a tensioning 
apparatus 40 is provided. As can be seen in Figs. 
2-5, the tensioning apparatus 40 includes a first 
tensioning pulley 41 engageable with the normally 
5 slack run 36 and a second tensioning pulley 45 

engageable with the normally taut run 34. The first 
tensioning pulley 41 is rotatably supported on a 
support arm 42 pivotally mounted at pivot 43 to 
tl*e frame 12- A pivot arm 44 is affixed to the 

10 support arm 42 and is also pivotally movable about 
the pivot 43 in a fixed relationship to the support 
arm 42, Likewise, the second tensioning pulley is 
rotatably supported on a support arm 46 pivotally 
mounted at pivot 47 to the frame 12. A second 

15 pivot arm 48 is affixed to the second support arm 
46 at a location spaced from the second pivot 47. 

A biasing mechanism 50 provides a 
biasing force to keep the tensioning pulleys 41,45 
in encagere^t with the respective run 34,36 of the 

20 belt 30. The biasing mechanism SO includes an 

elongated rod 52 pivotally interconnecting the first 
and second pivot arms 44,48 and a biasing spring 54. 
As is best seen in Fig. 2, the first pivot arm 44 
is pivotally connected to a tubular slide member 

25 56 concentrically mounted on the elongated rod 52 

adjacent the spring 54. The spring 54 is compressed 
to exert a biasing force between a stop 57, in the 
form of a washer and nut threaded onto the end of 
the elongated rod 52, and a retaining bracket 58 

30 slidably mounted on the elongated rod 52 to be 
engageable with the slide member 56. 

The biasing force exerted by the spring 
54 against the first pivot arm 44 slidably and 
pivotally mounted on the elongated rod 52 via the 

35 slide member 56 urges the first tensioning pulley 41 
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into engagement with the normally slack run of the 
belt 30. The opposing biasing force % 'of the spring 54 
against the stop 57 urges the second tensioning 
pulley 45 into engagement with the normally taut 
run 34 of the belt 30. Because the biasing force 
exerted by the spring 54 is exerted along the axis 
of the elongated rod 52 through the pivot arms 
44,48 at a point spaced from the respective pivots 
43,47, the amount of tensioning force exerted by 
the tensioning pulleys 41,45 on the belt 30 is a 
function of the distance D between the axis of the 
elongated rod 52 and the respective pivot 43,47. 

Under normal operating conditions as 
seen in Fig -3, the spring 54 exerts an equal 
biasing force on the pivot arms 44,48; however, the 
amount of tensioning force exerted by the second 
tensioning pulley 45 on the normally taut run 34 of 
the belt 30 is minimal, approaching zero, because 
the distance between the axis of the elongated rod 
52 and the second pivot 47 is substantially zero. 
On the other hand, the tensioning force exerted by 
the first tensioning pulley 41 on the normally slack 
run 36 is sufficient to take up the slack in the 
normally slack run 36 because of the significantly 
larger moment arm D between the elongated rod 52 
and the first pivot 43. The lack of significant 
tensioning force exerted by the second tensioning 
pulley 45 on the normally taut run 34 permits the 
belt to have a longer working life than if a greater 
tensioning force were exerted thereon. 

Under reverse power conditions, as will 
occur under certain circumstances, such as the 
combine going downhill, the normally driven pulley 
becomes the drive pulley and attempts to transfer 
rotational power to the normally drive pulley, i.e. 
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the combine drives the engine. Under these reverse 
power conditions, the normally slack run 36 of the 
belt 30 becomes taut and, consequently, the 
normally taut run 34 becomes slack. To maintain 
5 proper driving contact between the belt 30 and the 
pulleys 41,45 and, thereby, permit the engine to 
break the driving power from the combine, it is 
desirable to take up the slack that would occur in 
the normally taut run 34 under these conditions. 

lO The inducement of tension into the normally 

slack run 36 will tighten the run 36 and move it into 
the position seen in Figr 4* The movement of the belt 
30 into this position causes the first tensioning 
pulley 41 to move upwardly into the position seen 

15 in Fig? 4, thereby causing a corresponding rotation 
of the pivot arm 44 about the first pivot 43. 
This movement of the first tensioning pulley 41 
causes the elongated rod 52 to nove in a generally 
rearward direction because of the spatial relation- 

20 ship between the pivot arm 44 and the support arm 

42. This movement of the elongated rod 52 effects a 
corresponding rotation of the second support arm 
about the pivot 47 to move the second tensioning 
pulley 45 and take up the slack temporarily induced 

25 into the normally taut run 34. 

Because of the spatial relationships 
between the various components of the tensioning 
apparatus 40, the movement of the elongated rod 52 
during the transition from the normal operating 

30 condition to the reverse power condition effects a 
reduction of the distance D between the axis of the 
elongated rod 52 and the first pivot 43 while 
increasing the moment arm D between the elongated 
rod 52 and the second pivot 47. 
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As a result, when the fixed diameter power transfer 
mechanism 20 is in the reverse power condition, as 
seen in Fig* 4, the tensioning force exerted by the 
first tensioning pulley on the now taut run 36 of 
5 the belt 30 is minimal, approaching zero, while the 
tensioning force exerted by the second tensioning 
pulley 45 is sufficient to take up the slack 
induced in the run 34. The relative positions of the 
components of the tensioning apparatus 40 during 
10 the transition between the normal operating 

condition and the reverse power condition can be 
seen in Fig. 5, which also indicates the relative 
position of these components during a no load 
condition. 

15 As one skilled in the art will readily 

realize, the tensioning apparatus 40 provides a 
mechanism to take up the slack in the drive belt 30 
of a fixed diameter drive mechanism 20 in either 
run 34 , 36 of the belt 30 in automatic response to 

20 the tension induced in the respective run 34,36 of 
the belt 30. Furthermore, one skilled in the art 
will readily realize that the tensioning apparatus 
40 minimizes the tensioning forces exerted on the 
taut run of the drive belt 30 to provide an increased 

25 working life thereof, irrespective of which run 
34,36 of the belt 30 is taut- 
Referring now to Figs. 1,2 and 6, a 
torque sensing variable diameter belt drive mechanism 
60 can be seen. A first variable diameter sheave 62 

30 comprises a fixed sheave half 63 fixed, to the second 
pulley 28 by fastening means, such as screws 61, 
and rotatable therewith on the shaft 23 and a 
movable sheave half 64 mounted on the shaft 23 for 
rotation with the fixed half 63 but movable along 

35 the axis of the shaft 23 relative thereto. 
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A hydraulic control mechanism 65 enables the 
movable sheave half 64 to be axially selectively 
positionable relative to the fixed half 63 to 
change the distance between the fixed half 63 and. 
5 the movable half 64 and thereby change the effective 
'diameter of the first variable diameter sheave 62 
between a high speed position seen in solid lines 
and a low speed position - seen in phantom. 

A second variable diameter sheave 66 is 

10 mounted on the power input shaft 24 and includes 

a fixed sheave half 67 mounted on the shaft 24 for 
rotation therewith and a movable sheave half 68. 
As is known in the art, the movable sheave half 68 
of the driven sheave 66 in a torque sensing 

15 variable diameter drive is free to move both 

axially and rotatably relative to the fixed sheave 
half 67. The fixed sheave half 67 normally drives 
the movable sheave half 68 through a torque sensing 
mechanism 70 so as to be rotatable therewith as a 

20 unitary sheave assembly 66. An endless flexible 

belt 69 is entrained between the first and second 
variable diameter sheaves 62,66 to transfer 
rotational power therebetween. 

The torque sensing mechanism 70 includes 

25 a first cam member 72, seen in Figs. 6-8, connected 
to the fixed sheave half 67 and rotatable therewith. 
A second cam member 74 is connected to the movable 
sheave half 68 for rotation therewith. A spring 
75 concentrically mounted on the power input shaft 1 

30 24 urges the first and second cam members 72,74 
apart, thereby urging the movable sheave half 68 
toward the first sheave half 67. As can be seen in 
Figs. 6-8, each cam member 72,74 includes a pair 
of first cam surfaces 77, a pair of second cam 

35 surfaces 78 and a base member 79 having tabs 81 
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engageable with corresponding indentations in the 
respective sheave halves 67,68 to effect rotation 
of the respective cam member 72,74 therewith. 

Utider the aforesaid normal operating 
5 conditions, corresponding first cam surfaces 77 on 
the first and second cam members 72,74 are engaged 
to cause the movable sheave half 68 to rotate with 
the fixed sheave half 67. Any rotational movement 
of the movable sheave half 68 relative to the 

10 fixed sheave half 67, due to a change in the power 
requirement for the power input shaft 24, as is 
known in the art, causes the corresponding first 
cam surfaces 77 to slide over each other and effect 
an axial movement of the movable sheave half 68 

15 relative to the fixed sheave half 67 which, in turn, 
causes a change in the tension in the endless 
flexible belt 69. 

Under the aforesaid reverse power 
conditions, the torque sensing mechanism 70 finds 

20 itself as being mounted on the drive shaft, rather 
than the driven shaft and, accordingly, the torque 
sensing characteristics are different. To provide 
proper tensioning in the belt 69 under the afore- 
said reverse power conditions, each cam member 72, 

25 74 is provided with an asymmetrical second cam 
surface 78 which interengage, because the fixed 
sheave half 67 is now driving the movable sheave 
half 68, to cause the movable sheave half 68 and 
the fixed sheave half 67 to rotate as a unitary 

30 sheave assembly. 66* The asymmetrical second cam 
surface 78 provides a different amount of axial 
movement of the movable sheave half 68 per given 
increment of rotation thereof relative to the fixed 
sheave half 67 than the first cam surface 77 to 

35 provide the proper torque sensing properties under 
the reverse power conditions. 
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The flat pattern layout of the asymmetrical first 
and second cam surfaces 11,18 can be schematically 
seen in Fig, 9. In the preferred embodiment described 
above, it has been found that angle A, the angle 
between the first cam surface 77 and the base member 
79 should be approximately 45° , while angle B, the 
angle between the second cam surface 78 and the base 
member 79, should be approximately 30° , to give 
good results under both normal operating conditions 
and reverse power conditions. 

It will be understood that various changes 
in the details, material, steps and arrangement of 
parts which have been described and illustrated to 
explain the nature of the invention, will occur to 
and may be made by those skilled in the art upon a 
reading of the disclosure within the principles and 
scope of the invention. The foregoing description 
illustrates preferred embodiments of the invention. 
However, concepts , as based on such a description, 
may be employed in other embodiments without 
departing from the scope of the invention. 
Accordingly, the following claims are intended to 
protect the invention broadly, as well as in the 
specific form shown herein. 
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Claims 

1. A torque sensing variable diameter belt 

type power transfer assembly (70) having a fixed 
sheave half (67) , a movable sheave half (68) co- 
axially with, and rotatably and axially movable 
relative to the fixed sheave half (67) , a first cam 
member (72) co-axially and rotatable with the fixed 
sheave half (67) ; a second cam member (74) co- 
axially and rotatable with the movable sheave half 
(68), said first and second cam members (72,74) 
being in axially shif table torque transmitting 
engagement and each having a cam surface (77,78) 
engageable with the cam surface (77,78) on the other 
cam member (74,72) to transmit torque therebetween; 
and spring means (75) mounted between the first and 
second cam members (72,74) to axially urge the cam 
members (72,74) away from one another and the 
movable sheave half (68) towards the fixed sheave 
half (67); the fixed and movable sheave halves (67,68) 
being disposed for power transmitting engagement by a 
drive belt (69) which, while transmitting power 
opposes the spring force in urging the movable sheave 
half (68) axially away from the fixed sheave half 
(67) and the second cam member (74) axially towards 
the first cam member (72); 
characterized in that 

an asymmetrical cam surface pattern is provided on 
each of the cam members (72,74) and in that each cam 
member (72,74) has a first cam surface (77) and an 
opposing second cam surface (78); the corresponding 
first cam surfaces (77) engaging under conditions 
where the second cam member (74) is transmitting 
torque to the first cam member (72) and the 
corresponding second cam surfaces (78) engaging under 
conditions where the first cam member (72) is 
transmitting torque to the second cam member (74); 
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the first and second cam surfaces (77,78) providing 
different amounts of axial movement per given amount 
of relative rotational movement therebetween. 

2. A power transfer assembly according to 
claim 1, characterized in that the first cam 
surface (77) rises from the base (79) of each 
respective cam member (72,74) at an angle of 
approximately 45°. 

3. A power transfer assembly according to 
1 or 2, characterized in that the second cam 

surface (78) meets the base 79) of each respective 
cam member (72,74) at an angle of approximately 30°. 

4. A power transfer assembly according to 
claim 3, characterized in that each cam member (72,74) 
includes a pair of first cam surfaces (77) and a 
pair of second cam surfaces (78) . 
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transfer assembly (70) is disclosed wherein the cam members 
(72, 74) are 

provided with an asymmetrical cam surface pattern having 
first and second cam 

surfaces (77,78) meeting the base (79) of the cam (72,74) 
at different angles 

(A, B) . The opposing first cam surfaces (77) meet the 
corresponding base 

members (79) at approximately 45 DEG and interengage to 
effectively transmit 

torque between the opposing cam members (72,74) during 
normal operating 



conditions. The opposing second cam surfaces (78) meet 
corresponding base 

member (79) at approximately 3 0 DEG and interengage to 
effectively transmit 

torque between the respective cam members (72,74) during 
reverse power 

conditions, wherein the normally driven sheave (66) 
temporarily becomes the 

drive sheave. The asymmetrical cam surfaces (77,78) 
generally eliminate belt 

slippage during reverse power conditions and permit the 
engine (18) to brake 

the power delivered by the normally driven sheave (66) . 



